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FIG. 3A
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CAPACITOR COMPONENT AND
CAPACITOR COMPONENT MOUNTING
STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a capacitor component
and a capacitor component mounting structure including a

plurality of capacitors that include mner electrodes and
dielectric layers alternately laminated.

2. Description of the Related Art

A chip component, particularly a laminated ceramic
capacitor, 1s often used in a mobile terminal device such as
a cellular phone and an electronic apparatus such as a
personal computer. The laminated ceramic capacitor 1s con-
figured to include a substantially rectangular component
body having inner electrodes and dielectric ceramics alter-
nately laminated and outer electrodes formed on mutually
facing opposite ends of the component body.

The outer electrodes are directly mounted on mounting
lands of a circuit substrate of an electronic apparatus, and the
mounting lands and the outer electrodes are bonded together
by a bonding material such as solder. Thereby, the laminated
ceramic capacitor 1s electrically and physically connected to
the circuit substrate.

When an alternating-current voltage or a direct-current
voltage superimposed with an alternating-current compo-
nent 1s applied to such a laminated ceramic capacitor,
vibration due to a mechamical strain 1s generated in the
laminated ceramic capacitor by the piezoelectric effect and
the electrostrictive eflect of the dielectric ceramics. The
vibration of the laminated ceramic capacitor 1s transmitted to
the circuit substrate, and the circuit substrate vibrates. Spe-
cifically, stress in the normal direction of a mounting surface
of the circuit substrate 1s generated 1n the circuit substrate by
the vibration of the laminated ceramic capacitor, and the
circuit substrate vibrates in the normal direction. The vibra-
tion of the circuit substrate may produce vibration sound
(heremaftter referred to as acoustic noise) audible to the
human ear.

As a configuration addressing this 1ssue, Japanese Unex-
amined Patent Application Publication No. 8-55732, for
example, describes a laminated ceramic capacitor mounted
on a substrate such that the planes of 1nner electrodes are
oriented substantially perpendicular to a mounting surface of
the substrate.

The present inventors, however, have discovered that the
acoustic noise of the laminated ceramic capacitor 1s
increased 1n some cases even in the configuration according
to the atorementioned patent application publication, if a
plurality of laminated ceramic capacitors are disposed in
proximity to one another. With an increase in mounting
density due to a reduction 1n device size, there are not a few
cases 1n which laminated ceramic capacitors are disposed 1n
proximity to one another, and such an 1ssue 1s not well
addressed by the configuration described in the aforemen-
tioned patent application publication.

SUMMARY OF THE INVENTION

Accordingly, preferred embodiments of the present inven-
tion provide a capacitor component and a capacitor compo-
nent mounting structure that significantly reduce or prevent
acoustic noise even when using a plurality of laminates
including laminated nner electrodes.
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A capacitor component according to a preferred embodi-
ment of the present mvention includes a first laminate, a
second laminate, at least one first outer electrode, and at least
one second outer electrode. The first laminate 1ncludes a
plurality of flat or substantially flat plate-shaped first inner
clectrode plates laminated with dielectric layers interposed
therebetween. The second laminate includes a plurality of
flat or substantially flat plate-shaped second inner electrode
plates laminated with dielectric layers interposed therebe-
tween. The at least one first outer electrode 1s provided to
respective first end portions of the first laminate and the
second laminate, and 1s electrically conductive to the first
iner electrode plates and the second inner electrode plates.
The at least one second outer electrode 1s provided to
respective second end portions of the first laminate and the
second laminate facing the first end portions, and 1s electri-
cally conductive to the first iner electrode plates and the
second inner electrode plates. The first laminate and the
second laminate include the first inner electrode plates and
the second mnner electrode plates laminated 1in the same
lamination direction, and are aligned along the lamination
direction. In the capacitor component, a minimum distance
between the first mner electrode plates and the second inner
clectrode plates 1s greater than each of an interval between
adjacent ones of the first mner electrode plates and an
interval between adjacent ones of the second 1nner electrode
plates.

According to this configuration, when the capacitor com-
ponent 1s mounted on a substrate such that the inner elec-
trode plates (the first mnner electrode plates and the second
mner electrode plates) are perpendicular or substantially
perpendicular to a mounting surface of the substrate, stress
on the substrate due to a mechanical strain generated in the
capacitor component 1s 1mcreased 1n a direction parallel or
substantially parallel to the mounting surface and reduced 1n
the normal direction of the substrate, as compared with a
case 1n which a single laminate 1s mounted on the substrate.
It 1s therefore possible to prevent the substrate from vibrat-
ing. Consequently, 1t 1s possible to reduce acoustic noise
more than 1n a case 1n which a plurality of laminates are
independently mounted on the substrate 1n proximity to one
another. It 1s also possible to reduce the acoustic noise more
than 1n the case 1n which a single laminate 1s mounted on the
substrate.

The plurality of laminates may be configured to be
integrated by one of the at least one {irst outer electrode and
one of the at least one second outer electrode.

This configuration 1s also capable of reducing the acoustic
noise. Further, the configuration allows the plurality of
laminates to be itegrally mounted on the substrate. Accord-
ingly, it 1s possible to reliably reduce or prevent the acoustic
noise without causing misalignment of the laminates, unlike
a case 1 which the laminates are individually mounted on
the substrate.

The at least one first outer electrode may include first
regions located on the first laminate and the second laminate
and bonded together 1n a mutually facing direction, with one
of the first regions facing the first laminate adjacent thereto
and the other first region facing the second laminate adjacent
thereto. The at least one second outer electrode may include
second regions located on the first laminate and the second
laminate and bonded together in a mutually facing direction,
with one of the second regions facing the first laminate
adjacent thereto and the other second region facing the
second laminate adjacent thereto.

This configuration 1s also capable of reducing the acoustic
noise. Further, the configuration allows the laminates to be
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individually manufactured. Accordingly, the capacitor com-
ponent 1s easily manufactured.

A capacitor component according to a preferred embodi-
ment of the present mvention includes a laminate, a first
outer electrode, and a second outer electrode. The laminate
includes a first laminate portion and a second laminate
portion. The first laminate portion includes a plurality of flat
or substantially flat plate-shaped first inner electrode plates
laminated with dielectric layers interposed therebetween.
The second laminate portion includes a plurality of flat or
substantially flat plate-shaped second inner electrode plates
laminated with dielectric layers interposed therebetween.
The first laminate portion and the second laminate portion
are disposed along a lamination direction of the first inner
clectrode plates and the second inner electrode plates and
embedded 1n the laminate. The first outer electrode 1s
provided to respective one end portions of the first laminate
portion and the second laminate portion in a direction
perpendicular or substantially perpendicular to a disposition
direction of the first laminate portion and the second lami-
nate portion, and 1s electrically conductive to the first inner
clectrode plates and the second inner electrode plates. The
second outer electrode 1s provided to respective other end
portions of the first laminate portion and the second laminate
portion facing the one end portions, and i1s electrically
conductive to the first inner electrode plates and the second
iner electrode plates. In the capacitor component, a mini-
mum distance between the first inner electrode plates and the
second 1nner electrode plates 1s greater than each of an
interval between adjacent ones of the first mner electrode
plates and an interval between adjacent ones of the second
iner electrode plates.

According to this configuration, when the capacitor com-
ponent 1s mounted on a substrate such that the inner elec-
trode plates (the first inner electrode plates and the second
inner electrode plates) are perpendicular or substantially
perpendicular to a mounting surface of the substrate, stress
on the substrate due to a mechanical strain generated in the
capacitor component 1s 1mcreased 1 a direction parallel or
substantially parallel to the mounting surface and reduced 1n
the normal direction of the substrate. It 1s therefore possible
to prevent the substrate from vibrating. Consequently, 1t 1s
possible to reduce acoustic noise more than 1 a case in
which a plurality of laminates are independently mounted on
the substrate 1n proximity to one another.

According to a preferred embodiment of the present
invention, a capacitor component mounting structure
includes one of the above-described capacitor components
according to preferred embodiments of the present invention
and a substrate mounted with the capacitor component. The
capacitor component 1s mounted on the substrate with the
planes of the first inner electrode plates and the second inner
clectrode plates disposed perpendicular or substantially per-
pendicular to a mounting surface of the substrate.

According to this configuration, the capacitor component
1s mounted on the substrate such that the planes of the inner
clectrode plates (the first inner electrode plates and the
second 1nner electrode plates) are perpendicular or substan-
tially perpendicular to the mounting surface of the substrate,
and stress on the substrate due to a mechanical strain
generated 1n the capacitor component 1s increased 1n a
direction parallel or substantially parallel to the mounting
surface and reduced 1n the normal direction of the substrate,
as compared with a case 1 which a single laminate is
mounted on the substrate. It 1s therefore possible to prevent
the substrate from vibrating. Consequently, 1t 1s possible to
reduce acoustic noise more than 1 a case in which a
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4

plurality of laminates are independently mounted on the
substrate 1n proximity to one another. It 1s also possible to
reduce the acoustic noise more than in the case in which a
single laminate 1s mounted on the substrate.

According to various preferred embodiments of the pres-
ent invention, the stress in the normal direction of the
substrate acting on the substrate mounted with the capacitor
component 1s reduced. It i1s therefore possible to signifi-
cantly reduce or prevent the vibration of the substrate.
Accordingly, 1t 1s possible to significantly reduce or prevent
the acoustic noise of the substrate even when using a
plurality of laminates.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

FIG. 1A 1s an external perspective view ol a capacitor
component according to a preferred embodiment of the
present mvention, and FIG. 1B 1s a perspective view of a
mounted state of the capacitor component.

FIG. 2 1s cross-sectional view of the capacitor component
taken along a line II-II of FIGS. 1A and 1B.

FIG. 3A 1s a schematic diagram for describing a strain of
laminated ceramic capacitors, and FIG. 3B 1s a schematic
diagram 1llustrating stress generated 1 a first mounting
clectrode and a second mounting electrode when the lami-
nated ceramic capacitors are strained.

FIG. 4A 15 an external perspective view of another con-
figuration example of the capacitor component, and FI1G. 4B
1s a perspective view of a capacitor component mounting
structure.

FIG. 5A 1s an external perspective view of another con-
figuration example of the capacitor component, and FIG. 5B
1s a cross-sectional view taken along a line V-V of FIG. 5A.

FIG. 6 1s a cross-sectional view of another configuration
example of the capacitor component.

FIG. 7 1s a diagram 1illustrating simulation results of the
measurement of acoustic noise of capacitor components.

FIG. 8 1s a diagram 1llustrating results of the measurement
ol acoustic noise.

L1

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

With reference to the drawings, a capacitor component
according to preferred embodiments of the present invention
will be described. FIG. 1A 1s an external perspective view of
the capacitor component according to a preferred embodi-
ment of the present invention, and FIG. 1B is a perspective
view of a capacitor component mounting structure. FIG. 2 1s
a cross-sectional view of the capacitor component taken
along a line II-1I of FIGS. 1A and 1B.

A capacitor component 10 includes two laminated
ceramic capacitors 20 and 30. The laminated ceramic
capacitor 20 includes a ceramic laminate 21 (first laminate)
having a rectangular or substantially rectangular parallelepi-
ped shape elongated 1n one direction. The ceramic laminate
21 includes a plurality of flat or substantially flat plate-
shaped 1nner electrodes 200 (first mner electrode plates).
The inner electrodes 200 and ceramic layers (dielectric
layers) are alternately laminated along a direction perpen-
dicular or substantially perpendicular to the longitudinal
direction thereof (hereinafter referred to as the width direc-
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tion). Further, the inner electrodes 200 include inner elec-
trodes each exposed on one of opposite end portions thereof
in the longitudinal direction and inner electrodes each
exposed on the other opposite end portion, which are alter-
nately laminated with the dielectric layers interposed ther-
cbetween. The ceramic layers (dielectric layers) preferably
are lerroelectric ceramic layers mainly made of barium
titanate, for example. The 1nner electrodes 200 are prefer-
ably made of nickel (N1), for example.

The laminated ceramic capacitor 30 includes a ceramic
laminate 31 (second laminate) having a rectangular or
substantially rectangular parallelepiped shape elongated 1n
one direction. The ceramic laminate 31 includes a plurality
of flat or substantially flat plate-shaped inner electrodes 300
(second 1nner electrode plates). The inner electrodes 300 and
ceramic layers (dielectric layers) are alternately laminated
along a direction perpendicular or substantially perpendicu-
lar to the longitudinal direction thereof (hereinafter referred
to as the width direction). Further, the inner electrodes 300
include inner electrodes each exposed on one of opposite
end portions thereof 1n the longitudinal direction and 1nner
clectrodes each exposed on the other opposite end portion,
which are alternately laminated with the dielectric layers
interposed therebetween. The ceramic layers (dielectric lay-
ers) preferably are ferroelectric ceramics mainly made of
barum titanate, for example. The mner electrodes 300 are
preferably made of nickel (N1), for example.

The laminated ceramic capacitors 20 and 30 are aligned
along the width direction with the 1nner electrodes 200 and
300 laminated 1n the same lamination direction. Further, the
laminated ceramic capacitors 20 and 30 are disposed such
that the planes of the imner electrodes 200 and 300 are
perpendicular or substantially perpendicular to a mounting,
surface of the capacitor component 10. Herein, the term
“perpendicular’” 1s not limited to the state in which the angle
between the mounting surface and the mner electrodes 200
and 300 1s 90°, and includes an acceptable range of error
depending on the manufacturing or mounting accuracy of
components. In the following, the longitudinal direction of
the laminated ceramic capacitors 20 and 30 will be referred
to as the length direction of the capacitor component 10
(direction L 1n the drawings), and the width direction of the
laminated ceramic capacitors 20 and 30 will be referred to
as the width direction of the capacitor component 10 (direc-

tion W 1n the drawings).

Herein, the minimum distance between the inner elec-
trodes 200 and the mner electrodes 300 preferably 1s greater
than each of the interval between mutually adjacent ones of
the inner electrodes 200 and the interval between mutually
adjacent ones of the mnner electrodes 300.

Preferably, the laminated ceramic capacitors 20 and 30 are
the same 1n outer shape, outside dimensions, material com-
position and thickness of the dielectric layers and the inner
electrodes, and number of laminations of the inner elec-
trodes. That 1s, the laminated ceramic capacitors 20 and 30
are preferably i1dentical laminated ceramic capacitors.
Herein, the term “identical” refers to a concept including
manufacturing variation.

Opposite end portions in the length direction of the
capacitor component 10 are provided with a first outer
clectrode 41 and a second outer electrode 42. The first outer
clectrode 41 and the second outer electrode 42 are preferably
integral formed with the capacitor component 10, and are
clectrically conductive to the inner electrodes 200 and 300
exposed from the end portions provided with the first outer
clectrode 41 and the second outer electrode 42.
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The first outer electrode 41 and the second outer electrode
42 are arranged on opposite end surfaces in the length
direction of the capacitor component 10 to extend therefrom
toward opposite end surfaces in the width direction (here-
iafter referred to as the side surfaces), a top surface, and a
bottom surface of the capacitor component 10. The capacitor
component 10 1s configured such that the laminated ceramic
capacitors 20 and 30 disposed along the width direction are
integrated by the first outer electrode 41 and the second outer
clectrode 42. More specifically, a conductive paste 1s 1nte-
grally applied to and fired with the ceramic laminates 21 and
31 to define the first outer electrode 41 and the second outer
clectrode 42 as baked electrodes integral with the ceramic
laminates 21 and 31. The baked electrodes preferably con-
tain copper (Cu) and glass, for example. The ceramic
laminates 21 and 31 may be 1n close contact with each other,
or may be separated from each other by about 0.1 mm, for
example. The interval between the ceramic laminates 21 and
31 i1s preferably about 20% or less, more preferably about
10% or less, of the dimension 1n the width direction of each
of the ceramic laminates 21 and 31, for example.

The first outer electrode 41 and the second outer electrode
42 have a predetermined metal plating film disposed on the
surfaces of the baked electrodes and provided with corrosion
resistance and conductivity. That 1s, the metal plating film 1s
formed to integrally surround the ceramic laminates 21 and
31 in the cross section of the capacitor component 10 1n FIG.
2. The metal plating film 1s made of nickel, for example.
Further, each of the laminated ceramic capacitors 20 and 30
1s formed to have dimensions of about 3.2 mm in length by
about 1.6 mm 1n width, about 2.0 mm 1n length by about
1.25 mm 1n width, about 1.6 mm 1n length by about 0.8 mm
in width, about 1.0 mm 1n length by about 0.5 mm in width,
or about 0.6 mm 1n length by about 0.3 mm 1n width, for
example. Each of the laminated ceramic capacitors 20 and
30 preferably has a height equal or substantially equal 1n
dimension to the width thereof, for example.

The capacitor component 10 1s mounted on an 1nsulating
substrate 100 (see FIG. 2) made of an msulating resin such
that the planes of the mner electrodes 200 and 300 are
perpendicular or substantially perpendicular to the msulat-
ing substrate 100. The insulating substrate 100 includes a
mounting surface including a first mounting electrode 401
and a second mounting electrode 402. The first outer elec-
trode 41 and the second outer electrode 42 of the capacitor
component 10 mounted on the mnsulating substrate 100 are
respectively bonded to the first mounting electrode 401 and
the second mounting electrode 402 by respective bonding
materials 51 and 52 such as solder, for example.

The first mounting electrode 401 and the second mounting,
clectrode 402 are arranged to face each other with a gap
provided therebetween along a direction corresponding to
the length direction of the mounted capacitor component 10.
Further, as viewed 1n the normal direction of the mounting
surface, the first mounting e¢lectrode 401 and the second
mounting electrode 402 are arranged to at least partially
overlap the first outer electrode 41 and the second outer
clectrode 42 of the mounted capacitor component 10. The
first outer electrode 41 of the capacitor component 10 1s
bonded to the first mounting electrode 401 by the bonding
material 51, and the second outer electrode 42 of the
capacitor component 10 1s bonded to the second mounting
clectrode 402 by the bonding material 52.

The capacitor component 10 includes the first outer
clectrode 41 and the second outer electrode 42 integrated
therewith. In the mounting of the capacitor component 10,
therefore, 1t 1s suflicient 1f the first outer electrode 41 and the
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second outer electrode 42 are at least partially connected to
the first mounting electrode 401 and the second mounting
clectrode 402, respectively. When the capacitor component
10 1s mounted on a substrate, the laminates are not mis-
aligned, unlike a case in which the laminates are individually
mounted on a substrate. Accordingly, the capacitor compo-
nent 10 1s easily mounted as compared with a case in which
the laminated ceramic capacitors 20 and 30 are individually
mounted on a substrate to mount a capacitor component
thereon.

A description will be given below of a reason why the
capacitor component 10 configured as described above 1s
capable of reducing acoustic noise (squeaky noise) produced
when the laminated ceramic capacitors 20 and 30 are
strained.

FIG. 3A 1s a schematic diagram for describing a strain of
the laminated ceramic capacitors 20 and 30. FIG. 3B 15 a
schematic diagram illustrating stress generated in the first
mounting electrode 401 and the second mounting electrode
402 when the laminated ceramic capacitors 20 and 30 are
strained.

When applied with a voltage, each of the laminated
ceramic capacitors 20 and 30 expands outward along the
width direction and contracts inward along the length direc-
tion owing to the piezoelectric effect and the electrostrictive
ellect of ceramics.

The capacitor component 10 1s configured to have the
laminated ceramic capacitors 20 and 30 aligned along the
width direction. Therefore, respective one end portions of
the laminated ceramic capacitors 20 and 30 expanding in the
width direction correspond to opposite end portions of the
capacitor component 10 facing each other in the width
direction (regions Al and A2 1n the drawing), and respective
other end portions of the laminated ceramic capacitors 20
and 30 correspond to a central portion 1n the width direction
of the capacitor component 10 (a region A3 in the drawing).

In the regions Al and A2, the capacitor component 10
expands in the width direction. The region A3 is a portion 1n
which the laminated ceramic capacitors 20 and 30 are
bonded together and the respective end portions of the
laminated ceramic capacitors 20 and 30 expand 1n opposite
directions along the width direction. Therelore, the displace-
ment amount 1n the region A3 1s small. Further, the capacitor
component 10 contracts inward along the length direction,
similarly to the laminated ceramic capacitors 20 and 30.

As indicated by arrows illustrated 1n FIG. 3B, stress 1s
generated 1n the first mounting electrode 401 and the second
mounting electrode 402 mounted with the capacitor com-
ponent 10, which expands and contracts as described above.
Since the capacitor component 10 expands outward along
the width direction, the first mounting electrode 401 and the
second mounting electrode 402 are pulled outward. Further,
since the capacitor component 10 contracts inward along the
length direction, the first mounting electrode 401 and the
second mounting electrode 402 are pulled toward each other.

In the insulating substrate 100 (see FIG. 2) including the
first mounting electrode 401 and the second mounting
clectrode 402 1n which the stress illustrated 1n FIG. 3B 1s
generated, the stress 1s increased 1n a direction parallel or
substantially parallel to the mounting surface and reduced 1n
the normal direction of the mounting surface, as compared
with a case 1 which a single laminate 1s mounted on the
insulating substrate 100. That 1s, the direction of the stress
changes. The acoustic noise tends to be produced when the
surface of the msulating substrate 100 vibrates in the normal
direction. Since the stress 1n the normal direction remains
small 1rrespective of the expansion and contraction of the
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capacitor component 10, the vibration in the normal direc-
tion of the surface of the msulating substrate 100 1s small.
Accordingly, 1t 1s possible to significantly reduce or prevent
the acoustic noise. The shorter the interval between the
ceramic laminates 21 and 31 1s, the smaller the stress in the
normal direction 1s, and the more eflectively the acoustic
noise 1s reduced. Theretfore, the interval between the ceramic
laminates 21 and 31 is preferably about 20% or less, more
preferably about 10% or less, of the dimension 1n the width
direction of each of the ceramic laminates 21 and 31, for
example.

With a reduction in device size, it 1s necessary to down-
s1ze components to be mounted on or 1mn a device, or to
highly densely mount a plurality of components on or in a
device. In such a case, the capacitor component 10 described
in the present preferred embodiment achieves higher-density
mounting than a configuration which independently mounts
a plurality of laminated ceramic capacitors, and significantly
reduces or prevents the acoustic noise wrrespective of the
high-density mounting.

A description will now be given of a plurality of modified
examples of the capacitor component 10 according to the
present preferred embodiment.

First Modified Example

FIG. 4A 1s an external perspective view of another con-
figuration example of the capacitor component 10, and FIG.
4B 1s a perspective view ol a mounted state of a capacitor
component 10A.

In the above-described capacitor component 10, the lami-
nated ceramic capacitors 20 and 30 are integrally provided
with the first outer electrode 41 and the second outer
clectrode 42. Meanwhile, 1n the capacitor component 10A
illustrated 1in FIGS. 4A and 4B, the laminated ceramic
capacitor 20 1s provided with a first outer electrode 421 and
a second outer electrode 422, and the laminated ceramic
capacitor 30 1s provided with a first outer electrode 431 and
a second outer electrode 432.

As 1llustrated 1n FIG. 4B, the laminated ceramic capaci-
tors 20 and 30 are integrally mounted on a substrate by the
bonding materials 51 and 52. In this case, the first outer
clectrode 421 of the laminated ceramic capacitor 20 and the
first outer electrode 431 of the laminated ceramic capacitor
30 are bonded together at mutually facing surtaces thereof
(first regions according to a preferred embodiment of the
present invention) located on side surfaces of the ceramic
laminates 21 and 31. Further, the second outer electrode 422
of the laminated ceramic capacitor 20 and the second outer
clectrode 432 of the laminated ceramic capacitor 30 are
bonded together at mutually facing surfaces thereof (second
regions according to a preferred embodiment of the present
invention) located on the side surfaces of the ceramic
laminates 21 and 31. It 1s thus possible to realize a structure
similar to the above-described structure integrated with the
outer electrodes.

The bonding materials 51 and 352 used for the mounting
may be the same as or different from a bonding material for
bonding the outer electrodes together. Further, the bonding
material used to bond the outer electrodes together 1s not
limited to a conductive material, and may be an insulating
material.

Further, the laminated ceramic capacitors 20 and 30 may
previously be bonded together to define the capacitor com-
ponent 10A, and thereafter the capacitor component 10A
may be mounted on a substrate. Alternatively, the laminated
ceramic capacitors 20 and 30 may separately be mounted on
a substrate, and thereatfter the capacitor component 10A may
be provided on the substrate.
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If the laminated ceramic capacitors 20 and 30 are sepa-
rately mounted on a substrate, the laminated ceramic capaci-
tors 20 and 30 are capable of approaching each other by
self-alignment during the mounting on the substrate to the
fixing thereto. To more eflectively exhibit such self-align-
ment, the geometrical dimensions of the first mounting
clectrode 401 (particularly the dimension thereof in the
width direction W) are preferably substantially similar to or
slightly less than the geometrical dimensions of the com-
bined mounting surfaces of the first outer electrodes 421 and
431 of the capacitor component 10A. Further, the geometr-
cal dimensions of the second mounting electrode 402 (par-
ticularly the dimension thereof 1n the width direction W) are
preferably substantially similar to or slightly less than the
geometrical dimensions of the combined mounting surfaces
ol the second outer electrodes 422 and 432 of the capacitor
component 10A.

Meanwhile, laminated ceramic capacitors are respectively
stored 1n a plurality of cavities of an elongated package, and
are extracted one by one from the package to be mounted on
a substrate. Herein, 1f each of the laminated ceramic capaci-
tors has equal width and height, the laminated ceramic
capacitors are normally stored in the package with the inner
electrodes not oriented 1n the same direction. Further, 1f the
laminated ceramic capacitors are greater in height than 1n
width (thickness 1n the lamination direction), the laminated
ceramic capacitors are normally stored 1n the package with
the planes of the mnner electrodes disposed parallel or
substantially parallel to a bottom surface of the package.

Preferably, the laminated ceramic capacitors having such
shapes are previously stored and maintained 1n the package
as oriented 1n the same direction such that the planes of the
inner electrodes are perpendicular or substantially perpen-
dicular to bottom surfaces of the cavities. With this configu-
ration, it 1s possible to mount the laminated ceramic capaci-
tors on the substrate such that the mner electrodes of the
laminated ceramic capacitors are oriented 1n the same lami-
nation direction, and that the planes of the iner electrodes
are perpendicular or substantially perpendicular to the sub-
strate.

In the capacitor component 10A illustrated in FIG. 4A, the
laminated ceramic capacitors 20 and 30 are respectively
provided with the outer electrodes and individually manu-
facturable. Accordingly, the capacitor component 10A 1s
casily manufactured. It 1s suflicient 1f the mutually facing
first regions of the first outer electrodes 421 and 431 of the
laminated ceramic capacitors 20 and 30 are at least partially
bonded together, and 11 the mutually facing second regions
of the second outer electrodes 422 and 432 of the laminated
ceramic capacitors 20 and 30 are at least partially bonded
together. Preferably, the first regions and the second regions
are bonded together at the center thercof. To reduce the
acoustic noise, the first regions and the second regions are
preferably reliably bonded together. The first regions and the
second regions are bonded together in preferably about 30%
or more, more preferably about 50% or more, of the area
thereol including the center, for example. Further, 1t 1s
suilicient 1f the mutually facing surfaces of the outer elec-
trodes are at least partially bonded together. The ceramic
laminates 21 and 31 may be 1n close contact with each other,
or may be separated from each other by about 0.1 mm, for
example. The interval between the ceramic laminates 21 and
31 i1s preferably about 20% or less, more preferably about
10% or less, of the dimension 1n the width direction of each
of the ceramic laminates 21 and 31, for example.
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Second Modified Example

FIG. 5A 1s an external perspective view of another con-
figuration example of the capacitor component 10, and FIG.
5B 1s a cross-sectional view taken along a line V-V of FIG.
SA. In FIG. SA, the mner electrodes 200 and 300 are
omitted.

A capacitor component 10B illustrated in FIG. 5A
includes the laminated ceramic capacitors 20 and 30, the first
outer electrode 41, and the second outer electrode 42. In the
bonding of the laminated ceramic capacitors 20 and 30, a
space P 1s provided between the ceramic laminate 21 of the
laminated ceramic capacitor 20 and the ceramic laminate 31
of the laminated ceramic capacitor 30, as illustrated 1n FIG.
5A. In the capacitor component 10B, the space P 1s filled
with ceramics 45. The capacitor component 10B 1s similar to
the capacitor component 10 1n the other configurations. The
space P may be filled with an insulating material, such as a
thermosetting or photo-curing resin.

Third Modified Example

FIG. 6 15 a cross-sectional view of another configuration
example of the capacitor component 10. In FIG. 6, which
corresponds to FIG. 2, the lateral direction 1n the drawing
corresponds to the width direction of a capacitor component
10C.

While the foregoing capacitor component 10 preferably
includes the laminated ceramic capacitors 20 and 30 bonded
together, the capacitor component 10C illustrated 1n FIG. 6
includes one laminated ceramic capacitor 60. The laminated
ceramic capacitor 60 has a size corresponding to the lami-
nated ceramic capacitors 20 and 30 bonded together.

The laminated ceramic capacitor 60 includes a ceramic
laminate 61. The ceramic laminate 61 includes a laminate
portion 611 (first laminate portion) including the laminated
iner electrodes 200 and a laminate portion 612 (second
laminate portion) including the laminated inner electrodes
300. The laminate portions 611 and 612 are integrated such
that the inner electrodes 200 and 300 have the same lami-
nation direction. Further, the laminate portions 611 and 612
are separated from each other by a predetermined distance
with a ceramic layer (dielectric layer) provided therebe-
tween. Specifically, the minimum distance between the inner
clectrodes 200 and the mner electrodes 300 1s greater than
cach of the interval between mutually adjacent ones of the
inner electrodes 200 and the iterval between mutually
adjacent ones of the inner electrodes 300. The lamination
direction of the mner electrodes 200 and 300 corresponds to
the width direction (direction W in the drawing) of the
capacitor component 10C. The capacitor component 10C 1s
similar to the capacitor component 10 1n the other configu-
rations including the outer electrodes.

The distance between the laminate portions 611 and 612
1s appropriately changeable 1n accordance with, for example,
the desired capacitance of the capacitor component 10C.
Further, with the distance appropriately changed and set, 1t
1s possible to more eflectively prevent the vibration.

A description will now be given of respective acoustic
noise reduction eflects of the capacitor components 10, 10A,
10B, and 10C according to the preferred embodiments of the
present 1nvention.

FIG. 7 1s a diagram 1illustrating simulation results of the
measurement of acoustic noise of the capacitor components
10, 10A, 10B, and 10C. The vertical axis of FIG. 7 repre-
sents the noise level [dB].

In FIG. 7, “type 17 represents the acoustic noise 1n a case
using one laminated ceramic capacitor, and “type 2” repre-
sents the acoustic noise 1n a case using two laminated
ceramic capacitors mndependently disposed on an msulating
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substrate to be separated from each other by about 0.1 mm,
for example. Further, “type 3” represents the acoustic noise
in a case using the capacitor component 10A described 1n the
first modified example, and “type 4” represents the acoustic
noise in a case using the capacitor component 10 illustrated
in FIGS. 1A and 1B and so forth. Further, “type 5 repre-
sents the acoustic noise 1 a case using the capacitor com-
ponent 10B described in the second modified example, and
“type 67 represents the acoustic noise in a case using the
capacitor component 10C described 1n the third modified
example.

Further, FIG. 7 illustrates, for each of the types, the
acoustic noise of the electronic component having the planes
of the 1nner electrodes disposed perpendicular or substan-
tially perpendicular to the mounting surface (shaded graph)
and the acoustic noise of the electronic component having
the planes of the mmner electrodes disposed parallel or
substantially parallel to the mounting surface (white graph).

In “type 1,” the acoustic noise maintains substantially the
same noise level mrrespective of whether the planes of the
inner electrodes are perpendicular or substantially perpen-
dicular or parallel or substantially parallel to the mounting
surface. In “type 2,” the acoustic noise level 1s higher than
in the case using one laminated ceramic capacitor in both the
configuration having the planes of the inner electrodes
disposed perpendicular or substantially perpendicular to the
mounting surface and the configuration having the planes of
the 1nner electrodes disposed parallel or substantially par-
allel to the mounting surtace.

In the capacitor component 10A of “type 3”7 and the
capacitor component 10 of “type 4,” the acoustic noise 1s
lower than 1 “type 17 and “type 27 by about 10 dB to about
15 dB 1n the case having the planes of the mner electrodes
200 and 300 of the capacitor component 10A or 10 disposed
perpendicular or substantially perpendicular to the mounting,
surface. Further, 1n this case, the acoustic noise 1s lower by
about 20 dB than in the case having the planes of the inner
clectrodes 200 and 300 of the capacitor component 10A or
10 disposed parallel or substantially parallel to the mounting
surface.

In the capacitor component 10B of “type 5, the acoustic
noise 1s lower than 1n “type 17 and “type 27 by about 20 dB
to about 30 dB in the case having the planes of the inner
clectrodes 200 and 300 of the capacitor component 10B
disposed perpendicular or substantially perpendicular to the
mounting surface. Further, 1n this case, the acoustic noise 1s
lower by about 30 dB than in the case having the planes of
the 1nner electrodes 200 and 300 of the capacitor component
10B disposed parallel or substantially parallel to the mount-
ing surface.

In the capacitor component 10C of “type 6,” the acoustic
noise 1s lower than 1n “type 17 and “type 2 by about 20 dB
to about 30 dB 1n the case having the planes of the inner
clectrodes 200 and 300 of the capacitor component 10C
disposed perpendicular or substantially perpendicular to the
mounting surface. Further, 1n this case, the acoustic noise 1s
lower by about 30 dB than in the case having the planes of
the 1nner electrodes 200 and 300 of the capacitor component
10C disposed parallel or substantially parallel to the mount-
ing surface.

As described above, i the capacitor component 10
according to the present preferred embodiment and the
capacitor components 10A, 10B, and 10C as modified
examples thereot, 1t 1s possible to reduce the acoustic noise
more than i1n the case having laminated ceramic capacitors
simply aligned. It 1s also possible to reduce the acoustic
noise more than in the case using one laminated ceramic
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capacitor. Further, in the capacitor components 10, 10A,
10B, and 10C, it 1s possible to reduce the acoustic noise
more than in the configuration having the planes of the inner
clectrodes 200 and 300 disposed parallel or substantially
parallel to the mounting surface. Further, 1t 1s possible to
perform high-density mounting of a plurality of laminated
ceramic capacitors, while ensuring the reduction 1n acoustic
noise.

In the description of the foregoing preferred embodi-
ments, the capacitor component 10 preferably includes the
two laminated ceramic capacitors 20 and 30. The capacitor
component 10, however, may include three or more lami-
nated ceramic capacitors, for example.

FIG. 8 1s a diagram 1llustrating results of the measurement
ol acoustic noise. Herein, “type 17 represents the measure-
ment result of acoustic noise 1n a case using one laminated
ceramic capacitor, similarly to “type 1”7 of FIG. 7, and “type
3” represents the measurement result of acoustic noise 1n a
case using the capacitor component 10A described in the
first modified example, similarly to *“type 3”7 of FIG. 7.
Further, “type 7 represents the measurement result of
acoustic noise 1n a case using a capacitor component includ-
ing three laminated ceramic capacitors. The vertical axis of
FIG. 8 represents the noise level [dB]. In FIG. 8, “type 7~
represents the acoustic noise m a case i which three
laminated ceramic capacitors are disposed on an insulating
substrate with the ceramic laminates spaced from one
another by about 0.1 mm and the adjacent outer electrodes
bonded together, for example. FIG. 8 also illustrates the
acoustic noises of “type 1”7 and “type 37 illustrated 1n FIG.
7. Further, each of the laminated ceramic capacitors 1s a
component having dimensions of about 1 mm in the length
direction L, about 0.5 mm in the width direction W, and
about 0.5 mm 1n the height direction and a capacitance of
about 10 uF, for example. Further, the laminated ceramic
capacitors are all mounted on the mounting surface of the
substrate such that the planes of the mner electrodes are
perpendicular or substantially perpendicular to the mounting,
surface.

In FIG. 8, the acoustic noise 1s lower 1n “type 3” than 1n
“type 1”7 by about 15 dB, which indicates that there 1s a
correspondence 1n tendency between the simulation results
illustrated 1n FIG. 7 and the measurement results. Further,
the acoustic noise of the capacitor component 1s lower in
“type 7 than 1n “type 37 by a few a few decibels. Accord-
ingly, the capacitor component including three laminated
ceramic capacitors 1s capable of reducing the acoustic noise
more than the configuration including two laminated
ceramic capacitors. Therefore, the capacitor component may
include three or more laminated ceramic capacitors. To
reduce the vibration of the substrate by changing the direc-
tion of the above-described stress, the planes of the inner
clectrodes are disposed perpendicular or substantially per-
pendicular to the mounting surface of the substrate 1n at least
two adjacent laminated ceramic capacitors in the capacitor
component including three or more laminated ceramic
capacitors. It 1s thus possible to significantly reduce or
prevent the acoustic noise. Further, as obvious from the
measurement results of FIG. 8, 1t 1s more preferable that the
planes of the mner electrodes are disposed perpendicular or
substantially perpendicular to the mounting surface of the
substrate in all of the laminated ceramic capacitors.

While preferred embodiments of the present invention
have been described above, it 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
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present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A capacitor component comprising:

a first laminate including a plurality of flat or substantially
flat plate-shaped first inner electrode plates laminated
with dielectric layers interposed therebetween, and
alternately extending to and being exposed at first and
second end portions of the first laminate;

a second laminate including a plurality of flat or substan-
tially flat plate-shaped second inner electrode plates
laminated with dielectric layers interposed therebe-
tween, and alternately extending to and being exposed
at first and second end portions of the second laminate;

at least one first outer electrode provided on the respective
first end portions of the first laminate and the second
laminate, and electrically connected to the first inner
clectrode plates and the second inner electrode plates
exposed at the first end portions of the first and second
laminates; and

at least one second outer electrode provided on the
respective second end portions of the first laminate and
the second laminate facing the first end portions and
clectrically connected to the first inner electrode plates
and the second iner electrode plates exposed at the
second end portions of the first and second laminates;
wherein

the first laminate 1s a separate and distinct component
from the second laminate, and an outermost surface of
the first laminate 1s disposed adjacent to an outermost
surface of the second laminate such that the first
laminate and the second laminate are arranged hori-
zontally along a width direction of the capacitor com-
ponent that corresponds to a lamination direction of the
first laminate and the second laminate:

the respective first end portions and the respective second
end portions of the first laminate and the second
laminate oppose each other 1n a length direction of the
capacitor component;

the first laminate and the second laminate 1include the first
inner electrode plates and the second inner electrode
plates laminated in the same lamination direction, and
are aligned along the lamination direction;

a mimimum distance between the first inner electrode
plates and the second inner electrode plates 1s greater
than each of an interval between adjacent ones of the
first mner electrode plates and an interval between
adjacent ones of the second inner electrode plates;

planes of the first mner electrode plates and the second
inner electrode plates are perpendicular or substantially
perpendicular to a mounting surface of the capacitor
component;

a total width of the capacitor component in the width
direction 1s equal to or greater than a total length of the
capacitor component in the length direction;

the first laminate and the second laminate have the same
outer shape, outside dimensions, material composition
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and thickness of the dielectric layers and the inner
clectrode plates, and number of the mner electrode
plates;

a space 1s provided between the first laminate and the
second laminate;

cach of the first laminate and the second laminate has a

height that 1s equal or substantially equal to a width
thereof; and

an interval between the first laminate and the second

laminate 1s about 10% or less of the width of each of the
first and second laminates.

2. The capacitor component according to claim 1, wherein

the first laminate and the second laminate are integrated by
one of the at least one first outer electrode and one of the at
least one second outer electrode.

3. A capacitor component mounting structure comprising:

the capacitor component according to claim 2; and

a substrate mounted with the capacitor component;
wherein

the capacitor component 1s mounted on the substrate with
the planes of the first inner electrode plates and the
second 1ner electrode plates disposed perpendicular or
substantially perpendicular to a mounting surface of the
substrate.

4. The capacitor component according to claim 1, wherein

the at least one first outer electrode includes first regions
located on the first laminate and the second laminate
and bonded together 1n a mutually facing direction, one
of the first regions facing the first laminate adjacent
thereto and the other first region facing the second
laminate adjacent thereto; and

the at least one second outer electrode includes second
regions located on the first laminate and the second
laminate and bonded together 1n a mutually facing
direction, one of the second regions facing the first
laminate adjacent thereto and the other second region
facing the second laminate adjacent thereto.

5. A capacitor component mounting structure comprising:

capacitor component according to claim 4; and

a substrate mounted with the capacitor component;
wherein

the capacitor component 1s mounted on the substrate with
the planes of the first inner electrode plates and the
second mner electrode plates disposed perpendicular or
substantially perpendicular to a mounting surface of the
substrate.

6. A capacitor component mounting structure comprising;:

the capcitor component according to claim 1; and

a substrate mounted with the capacitor component;
wherein

the capacitor component 1s mounted on the substrate with
the planes of the first inner electrode plates and the
second 1nner electrode plates disposed perpendicular or
substantially perpendicular to a mounting surface of the
substrate.
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